Abstract. Aiming at the inefficiency of the current maritime search and rescue system, this paper aims to provide a conceptual design scheme for an amphibious unmanned surface vehicle that can realize the integration of air and water. In this design, detailed mechanical and structural analysis were performed for each part. The amphibious unmanned vehicles can independently choose the air flight and surface navigation conditions in harsh sea conditions, to cruise and rescue work. At the same time, the amphibious unmanned vehicle can realize the rapidly transfer between water and air modes through the water-air dual-purpose propulsion module, thus improving the efficiency of cruise and rescue.
Introduction
With the rapid development of marine economy and shipping industry in the world, marine accidents occur frequently in recent years. Unmanned surface vehicles have autonomy and can take the place of human beings to complete the cruise and rescue work. Therefore, maritime cruise and rescue have become one of the research hotspots in the application of amphibious unmanned vehicle [1] . As early as the 1990s, unmanned vehicles were used for underwater detection and salvage work. At present, unmanned surface vehicles developed by many countries in the world have been engaged in military and civilian fields [2] .
At present, the research on unmanned vehicles mainly focuses on two aspects of intelligence and modularization, ignoring a large number of problems in mechanical structure [3] , resulting in narrow application range and low reliability of unmanned vehicles. For example, although the unmanned aerial vehicles are highly efficient, it can only provide reconnaissance and surveillance work, and cannot complete maritime search and rescue tasks; although unmanned ships can provide a large number of rescue materials, the field of vision is narrow, unable to fully understand and locate the incident area, and cruise and rescue is inefficient.
This paper compares the advantages and disadvantages of unmanned aerial vehicles and unmanned ships, and couples them to provide an amphibious unmanned vehicle which can not only make up for the defects of them, but also give full play to their respective advantages. The aircraft has three states: flight, hovering and surface navigation. Under the premise of low cost and low risk, it can greatly improve the efficiency of cruising and rescuing, and has a positive guarantee effect for maintaining maritime safety and developing a strategy of strengthening the country.
Overall Design of Vehicle
The mechanical structure of the vehicle designed in this paper mainly includes three parts: center displacement mechanism, water-air dual-purpose propulsion module and underwater propeller. Figure 1 shows the three-dimensional effect of the vehicle. The hull is a high-speed wave-piercing type. After detailed structural design, the hull can reduce various resistances of the hull itself during high-speed navigation, and the payload of the hull can meet the design requirements. The central displacement mechanism enables the vehicle to change rapidly in air or in the water. The water-air dual-purpose propulsion module can make the vehicle use the same propulsion module when flying and navigating in the water, reducing the difficulty of control and improving the propulsion efficiency. 
Feasibility Analysis

Force Analysis of Flight State
In order to simplify the analysis of the flight state of an amphibious unmanned aerial vehicle, it is assumed that: (1) the air drag is neglected; (2) the mass distribution of the vehicle is symmetrical; (3) the speed of the propeller is proportional to the lift it produces; (4) the mass of the propeller is neglected, and the moment of inertia is not considered.
The upward pull force 
According to the above conditions, the flight speed of the aircraft is v , the total mass is m , and the simple force analysis of the unmanned vehicle is shown in Figure 2 . The vehicle provides lift through the propeller of the four-rotor. The total lift of the propeller is Z , the rolling moment is 2 Z , the pitching moment is 3 Z , and the yaw moment is 4 Z . The distance from the center of the propeller to the center of vehicle is d, then: 
When the aircraft takes off, land and hover, in order to make its pitch moments, roll moments and yaw moments is zero, it should ensure that the four rotors have the same speed, that is
Change the rotational speed of the four rotors to change the tension of the rotor. In order to make the vehicle pitch and roll, it is necessary to change the rotational speed of the rotors at both ends of the corresponding axis to produce the corresponding torque, while ensuring that the torque on the yaw axis of the vehicle is zero, so as to keep the overall torque unchanged [5] . When satisfied the vehicle will tilt forward along the geometric center, and the blade lift will drive the four-axis forward motion along the longitudinal component. The backward movement is opposite to the principle of forward movement. 
If the vehicle performs yaw motion, it needs to apply torque on the yaw axis, and at the same time ensure that the moments on the pitch and roll axes of the vehicle are zero, so that the combined lift of the four rotors does not change. As shown in Figure 3 1
At this time, the reverse torque to the left is larger than the reverse torque to the right, and the four axes rotate to the left under the action of the reverse torque. Turning to the right is the opposite of turning to the left [6] . 
Feasibility Analysis of Navigation State
When navigating on the surface of the water, the center displacement mechanism is folded, and the water-air dual-purpose module adjusts the direction through the cam to make the underwater propeller work underwater. The underwater propeller realizes the functions of forward, backward, left and right turning when navigating through the differential control of the motors on both sides.
Detailed Design of Structure
According to the previous introduction, the mechanical structure of the vehicle is divided into three parts: center displacement mechanism, water-air dual-purpose propulsion module and underwater propeller. The following is a detailed design of three mechanical structures:
Center Displacement Mechanism
When the vehicle is in flight state, the secondary crank-slider mechanism is in the dead-point position, so that the Four-rotor wing is locked by the secondary crank-slider mechanism. The joint points, slider nodes and the first crank-rotating shaft are arranged on the same straight line. Here, the design of the dead-point of the connecting rod is used to ensure the vehicle can fly smoothly at the mechanical level. When the vehicle is in the navigation state, the first crank rotates 180 degrees under the guidance of the steering gear, and the first connecting rod drives the second slider to move, thus completing the folding function of the two wings (as shown in Figure 4 ). According to the strength requirements of the vehicle and the above implementation process, the size of the central displacement mechanism is calculated. As shown in Figure 5 , X -four rotor shaft wing node to center distance; Y -the length of the secondary connecting rod; H -first crank slider displacement amplitude. According to the relevant mechanical data, the folding effect of Figure 6 shows the three-dimensional effect diagram of the vehicle connecting rod positioning mechanism. The requirements of the positioning mechanism described in this section are as follows: in the navigation state, the four thrusters should fold as much as possible to reduce the navigation resistance; in the flight state, the four thrusters should be deployed and the four axes are perpendicular to each other. In this design, the secondary linkage is driven by the first linkage to change the relative position of the four-axis thruster. At the same time, the position between the four-axis thrusters is relatively fixed by the secondary linkage self-locking in flight. 
Water-air Propulsion Module
In order to realize the rapid conversion of the two modes of operation between the water and the air, and reduce the degree of difficulty in design, the water-air dual-purpose propulsion module is innovatively designed. This mechanism is driven by rotating mode, and requires different mechanism postures at different angles, so the cam transmission mechanism is selected. As long as the cam profile curve is reasonably designed, the follower can get all kinds of expected motion rules, and it is easier to design the cam profile curve by using the inversion method. The external steering gear drives the internal shaft to rotate around the fixed shaft. When the internal shaft rotates, the spring inside of drum is always in a compressed state, and spring forces the drum base and cam to be in line contact state at all times, thereby realizing cam transmission (as shown in Figure 7 ). The roller moves relative to the motor, and then drives the flying propeller to rotate around the roller hinge to complete the folding action of the flying propeller. And the cam transmission makes the propeller satisfy different mechanism posture requirements when it rotates at different angles. Figure 7 . Structure of water-air propulsion module. Figure 8 shows a three-dimensional picture of the water-air propulsion module of the vehicle. When the mechanism is rotated at different angles, the air propeller can be folded. By changing the angles, the cam gear mechanism can be used to complete the folding work of the air propeller, and the telescopic drum can complete the power transmission work. In the flight state (shown on the left in Figure 9 ), the air propeller is deployed and the thrust direction changes with the rotation of the internal rotating shaft; In the navigation state (shown on the right in Figure 9 ), the air propeller is folded to avoid the contact between the propeller and the water surface and to reduce the air drag when navigating in the water. 
Underwater Propeller
The shaftless propeller mechanism designed in this paper can convert the high speed and low torque rotary motion of direct current motor into low speed and high torque rotary motion. With the shaftless propulsion method, the hull part will not be equipped with a power unit, and the hull payload will increase. The shaftless propulsion mode is driven by a novel motor system, completely eliminating the propulsion shaft, thereby improving the space utilization of the cabin, which makes the structure simpler and the energy transfer efficiency higher.
In the navigation state, the motor drives the water propeller by the gear, thus to drive the vehicle. The gear mechanism is used for transmission, the small gear is connected with the motor extension shaft, the small gear is matched with the big gear, and the big gear is limited in the inner groove of the propeller(as shown in Figure 10 ). 
Control System
In this design, STM32F407 microcontroller and STM32F103ZET6 microcontroller are used as the main control board [4] . Serial communication between them can be carried out to exchange information. After the program is executed, the operating mode of the vehicle can be selected artificially. When the vehicle moves to the location of the victim by remote control, the vehicle changes the hovering mode in the air, enlarges the search and rescue scope, then determines the location of the victim by infrared sensors, and then carries out rescue. After the rescue is completed, the vehicle moves to the location of the victim by STM32F407. The gyroscope can judge the sea condition and determine the safe return route, so that the safe, fast and efficient rescue method can be realized. The WIFI module of the vehicle is connected through the mobile APP, and the data exchange function is completed through a given communication protocol [7] . The flight control system is divided into three modes: navigation mode, flight mode and hovering mode. The mode transfer uses the steering gear to complete the positioning action (as shown in Figure 11 ). 
Performance Analysis
A set of parameters are obtained by gyroscope when the vehicle is flying, and then compared with the set number to realize the attitude adjustment of PID controller. The PID controller drives four sets of motors through the output PWM. The experimental results show that the flight altitude of the aircraft can reach 5m, and it can be quickly restored to equilibrium when it is disturbed by the environment.
The maximum diameter of the propeller can be determined according to factors such as the draught of the aircraft and the type of the ship. The propeller blade diameter of the underwater propeller is 10cm, and the motor uses 42GP-775 permanent magnet direct current motor. The rated speed of the propeller is 30rad/s driven by the motor. T and Q are the thrust and torque of the propeller;
D is the diameter of the propeller; n is the rotational speed of the propeller; and By comparing the open water efficiency of the above table, we can see that the open water efficiency of the underwater propeller is better than that of the ordinary propeller.
Summary
In this paper, a design scheme of a water-air amphibious unmanned vehicle is presented, Firstly, the force analysis of the flight posture about the vehicle is carried out. Secondly, the main mechanical structure of the vehicle is designed in detail. Finally, the underwater propeller part is compared with the open-water efficiency of the ordinary propeller, and the underwater propeller is found that the open-water efficiency is better than the ordinary propeller. In the control system, the WIFI module is used to control and the PWM is output to realize the PID adjustment of the flight posture. However, as a conceptual model of an unmanned aerial vehicle, there is still huge room for optimization from practical applications. At the same time, this paper also provides a reference for the development of an efficient search and rescue vehicle.
